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Abstract:  Comparative  h?matologie  and  plasma  chemistry  values  were  determined  in  10 captive 
blue  duikers  {Cephalophus  mont?cola)  and  23  captive  grey duikers  (Sylvicapra  grimmia).  The  animals 
included  both males  and  females  and  ranged  in age from  5  mo  to 7 yr. Blue  duikers  were  anesthetized 
with  medetomidine  and  ketamine,  and  grey  duikers  were  anesthetized  with  medetomidine  and 
ketamine  or xylazine  and ketamine.  Significant  differences  were  found  between  grey and blue  duikers 
for  albumin,  creatinine,  creatine  kinase,  magnesium,  and  total  bilirubin. 
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INTRODUCTION 
Duikers  belong  to  a  group  of  antelopes 
that  includes  13  species  found  throughout 
the African  continent.  Although  some  dui 
kers  are  an  important  source  of  protein  for 
indigenous  African  people,  others  are  en 
dangered  and  little  studied.10  As  a  source  of 
bushmeat,  duikers  and  other  game  animals 
are  killed  and  sold  with  little  regard  to  laws, 
and  in  some  areas  smaller  game  species  such 
as  the  duikers  may  be  under  considerable 
pressure  as  a  result  of  a  highly  commer 
cialized  bushmeat  trade.1  The  importance 
of  reference  values  for  h?matologie  and 
blood  chemistry  data  in  the monitoring  of 
animal  health  is well  established.2  The  In 
ternational  Species  Inventory  System5  lists 
data  on  blood  composition  of yellow-backed 
duiker  (Cephalophus  sylvicultor),  bay  duiker 
(Cephalophus  dorsalis),  Maxwell's  duiker 
(Cephalophus  maxwelli),  black  duiker  (Ce 
phalophus  niger),  blue  duiker  (Cephalophus 
mont?cola),  and  grey  duiker  (Sylvicapra 
grimmia).  However,  in  some  instances  the 
mean  values  are  based  on  only  a  single  in 
dividual  or  a  small  number  of  serum  com 
ponents.  This  report  provides  baseline  blood 
data  for  both  grey  and  blue  duiker. 
MATERIALS AND METHODS 
In  this  study,  which  is  part  of  the  Pan 
African  Decade  of  Duiker  Research,11  we 
examined  the  plasma  biochemical  and  h? 
matologie  values  of  10 blue  duikers  and  23 
grey  duikers.  All  animals  were  kept  at  the 
Duiker  Research  and  Breeding  Centre  at 
Chipangali  Wildlife  Trust  near  Bulawayo, 
Zimbabwe.  Of  the  23  grey  duikers,  three 
were  obtained  from  wild  stock  and  had  been 
in  captivity  for  at  least  2  yr,  and  the  re 
mainder  were  born  in  captivity.  Two  of  the 
blue  duikers  were  from  wild  stock  and  had 
been  in  captivity  for  at  least  5  yr,  and  the 
remainder  were  captive  bred.  Blue  duikers 
were  housed  in  10-  x  10-m  shaded  enclo 
sures  and  fed  a diet  of mixed  fruits,  includ 
ing  apples,  oranges,  and  bananas,  supple 
mented  by  a pelleted  game  ration  containing 
lucerne,  alfalfa,  and maize.  The  grey  duikers 
were  housed  in  30-  x  30-m  partially  shaded 
enclosures  and  fed  a mixed  fruit  diet  with 
at  least  10 different  species  of  native  leaves. 
One  blue  duiker  and  three  grey  duikers  were 
pregnant.  During  August  1991,  blood  sam 
ples  were  collected  by  venipuncture  from 
blue  duikers  chemically  immobilized with 
medetomidine  hydrochloride  (Domitor, 
SmithKline  Beecham  Animal  Health,  Tad 
worth,  Surrey  KT20  7NT,  U.K.)  and  ke 
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Table  1.  Age  and  gender  distribution  of  blue  and 
grey  duikers. 
No.  fe-  x  ?  SD 
males  males  (yr)  Range 
Blue duiker  7  3  2.7 ?  2.3  5  mo-7  yr 
Grey  duiker  18  5  3.0 ?  2.3  2 wk-7  yr 
tamine  hydrochloride  (Vetalar,  Parke,  Da 
vis  and  Co.,  Pontypool,  Gwent  NP4  OYH, 
U.K.).  During  the  same  period,  blood  was 
collected  from  grey  duikers  chemically  im 
mobilized  with  either  medetomidine  and 
ketamine  or  xylazine  (Rompun,  Bayer  U.K., 
Newbury,  Berkshire  RG13  1JA, U.K.)  and 
ketamine.  Atipamezole  hydrochloride  (An 
tisedan,  SmithKline  Beecham  Animal 
Health)  was  used  as  an  antagonist  to  xyla 
zine  and  medetomidine.  The  average  dose 
of anesthetic  for blue duiker was  190 Mg/kg 
medetomidine  and  2.2 mg/kg  ketamine  ad 
ministered  i.m.  using  a Telinject  blowdart 
system  (Telinject  UK,  Littleborough,  Lan 
cashire  OL?  5 9EG,  U.K.).  The  average  dose 
of  anesthetic  for  grey  duiker  was  14.6  mg/ 
kg  of  xylazine  with  12.2 mg/kg  of  ketamine 
also  administered  i.m.  through  a Telinject 
dart.  With  the  grey  duiker,  effective  im 
mobilization  was  only  achieved  with  higher 
dosages  (average  effective  immobilization 
dose  was  16.4 mg/kg  of  xylazine  with  13.1 
mg/kg  of  ketamine).  None  of  the  animals 
sampled  had  food  or water  witheld  prior  to 
blood  sampling. 
Immobilized  duikers  were  examined  clin 
ically,  and  feces  were  collected  from  the  rec 
tum.  The  fecal  samples  were  screened  for 
nematode  eggs  using  a  flotation  technique, 
and  egg  counts  were  performed  using 
McMaster's  technique3  on  all  positive  sam 
ples. 
Blood  was  collected  by  venipuncture  with 
a  23-gauge  1-inch  needle  on  a  5-ml  dispos 
able  syringe.  Samples  were  transferred  into 
EDTA  tubes,  lithium  heparin  tubes,  or  ox 
alate  tubes  and  refrigerated  at  approxi 
mately  4?C  until  processing.  Heparinized 
samples  were  centrifuged  within  30 min  of 
collection  and  analyzed  immediately  or  fro 
zen  at  -20?C  in  2-ml  aliquots  in  plastic 
ampules.  Frozen  samples  were  analyzed 
within  48  hr  of  collection.  Red  and  white 
cells  were  counted  using  an  improved  Neu 
bauer  counting  chamber.  Packed  cell  vol 
ume  was  measured  using  a  microhematocrit 
centrifugation  technique.  Analyses  for  total 
protein,  albumin,  blood  urea  nitrogen 
(BUN),  creatinine,  creatine  kinase  (CK),  al 
anine  aminotransferase  (ALT),  aspartate 
aminotransferase  (AST),  gamma  glutamyl 
transferase  (GGT),  Mg,  Ca,  and  total  bili 
rubin  were  performed  with  a programmable 
flow-cell  spectrophotometer  (Beckman 
Model  42  spectrophotometer,  Beckman  In 
struments,  High  Wycombe,  Bucks  HP  12 
4JL,  U.K.).  Na  and  K  were  measured  with 
an  ion-selective  electrode  (Beckman  E2A 
analyzer,  Beckman  Instruments).  A  mini 
photometer  (Ames  Minilab  T,  Bayer  Di 
agnostics,  Basingstoke  RG21  2YE,  U.K.) 
was  used  for  analysis  of  glucose,  triglyc?r 
ide,  cholesterol,  and  hemoglobin.  BUN  was 
measured  on  the miniphotometer,  and  total 
solids  were  measured  using  refractometry. 
A  further  estimate  of  blood  glucose  was 
made  using  a dipstick  technique  (Clinistix, 
Ames  Division,  Bayer  Diagnostics).  Quality 
control  of  all  procedures  was  carried  out 
using  reference  sera  (Decision  Level  1-3, 
Beckman  Instruments).  Results  for  grey  and 
blue  duiker  were  compared  statistically  us 
No  major  lesions  were  found  on  any  of 
the  duikers  in  this  study.  Some  animals 
showed  mild  ectoparasitism,  and  three  dui 
kers  had  nematode  eggs  in  the  feces,  with 
counts  ranging  from  7,140  to  15,200  eggs/ 
g.  Nematodes  obtained  postmortem  from 
one  grey  duiker  (CD4)  euthanized  for man 
agement  reasons,  were  identified  as  Setaria 
sp.,  probably  S.  hornbyi  (L.  F.  Khalil  and 
L. M.  Gibbons,  pers.  comm.).  Only  female 
specimens  were  present,  and  in  the  absence 
of males  it was  not  possible  to  confirm  the 
species  identification.  One  grey  duiker  had 
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Table  2.  Blood  values  for  captive  male  and  female  blue  duikers. 
Parameter  Mean  SD  Range 
Total  protein  (g/dl) 
Total  solids  (g/dl) 
Albumin  (g/dl) 
BUN  (mg/dl) 
Minilab  T 
Beckman  M42 
Creatinine  (mg/dl) 
Creatine kinase  (IU/L) 
ALT  (IU/L) 
AST  (IU/L) 
GGT  (IU/L) 
Magnesium  (mg/dl) 
Calcium  (mg/dl) 
Sodium  (mEq/L) 
Potassium  (mEq/L) 
Total  bilirubin  (mg/dl) 
Glucose  (mg/dl) 
Dipstick 
Minilab  T 
Cholesterol  (mg/dl) 
Triglyc?rides  (mg/dl) 
10 
10 
10 
10 
10 
10 
9 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
5.72 
5.76 
3.70 
21.4 
18.3 
0.7 
382 
11.7 
158 
40.9 
2.28 
10.1 
134 
4.05 
0.34 
175 
186 
100 
25.7 
0.76 
0.88 
0.71 
7.69 
6.59 
0.11 
244 
5.53 
124 
17.6 
0.41 
0.92 
4.7 
0.39 
0.24 
43.2 
36.0 
23.2 
8.9 
4.5-7.6 
5.0-7.8 
2.76-5.00 
12.5^0.0 
11.5-34.1 
0.6-0.9 
119-866 
4.3-17.6 
63-468 
15.1-66.7 
1.44-2.76 
8.84-11.64 
123-139 
3.33-4.63 
0.094-1.10 
132-250 
132-236 
57.9-120 
14.2-41.6 
traumatic  origin.  No  nematode  eggs  were 
found  in  the  feces  of  any  of  the blue  duikers. 
The  sex  distributions  and  age  ranges  of 
blue  and  grey  duikers  are  given  in Table  1. 
Plasma  chemistry  values  are  presented  in 
Tables  2  and  3. Tables  4  and  5  include  the 
h?matologie  values. 
The  two  methods  of  BUN  analysis  pro 
Table  3.  Blood  values  for  captive  male  and  female  grey  duikers. 
Parameter  Mean  SD  Range 
Total  protein  (g/dl) 
Total  solids  (g/dl) 
Albumin  (g/dl) 
BUN  (mg/dl) 
Minilab  T 
Beckman  M42 
Creatinine  (mg/dl) 
Creatine  kinase  (IU/L) 
ALT  (IU/L) 
AST  (IU/L) 
GGT  (IU/L) 
Magnesium  (mg/dl) 
Calcium  (mg/dl) 
Sodium  (mEq/L) 
Potassium  (mEq/L) 
Total  bilirubin  (mg/dl) 
Glucose  (mg/dl) 
Dipstick 
Minilab  T 
Cholesterol  (mg/dl) 
Triglyc?rides  (mg/dl) 
23 
23 
23 
23 
23 
23 
21 
23 
23 
23 
23 
23 
23 
23 
22 
20 
20 
23 
23 
5.7 
5.4 
3.16 
19.4 
17.1 
1.2 
858 
10.5 
101 
38.2 
2.74 
10.1 
137 
4.4 
1.0 
155 
153 
97 
27 
1.14 
0.87 
0.64 
9.3 
10.1 
0.4 
813 
12.5 
48 
12.9 
0.89 
1.6 
5.2 
1.0 
0.7 
45 
50 
26 
22 
4.0-9.0 
3.8-7.6 
2.07^1.56 
12.7-50.4 
11.3-52.1 
0.7-2.5 
163-3060 
0.9-62.3 
14-248 
8.9-64.8 
1.49-5.21 
6.8-13.9 
124-147 
3.5-8.2 
0.3-2.5 
90-250 
81-258 
54-158 
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Table  4.  Hematology  values  for  captive  male  and 
female  blue  duikers. 
Table  5.  Hematology  values  for  captive  male  and 
female  grey  duikers. 
Parameter  n  Mean  SD  Range  Parameter  Mean  SD  Range 
Hemoglobin 
(g/dl) 
Packed  cell 
volume  (%) 
Red  cell count 
(IOVmI) 
White  cell  count 
(10V/d) 
MCV  (fl) 
MCHC  (g/dl)a 
MCH  (pg) 
10  17.8  1.4  15.7-20.3 
10  47 
10 
10 
10 
10 
2.8 
49 
38 
18 
3.2 
0.8 
3.6 
4.5 
2.6 
41-53 
10  9.5  0.7  8.2-10.4 
1.6-4.0 
44-57 
34-50 
15-25 
Hemoglobin 
(g/dl) 
Packed  cell 
volume  (%) 
Red  cell  count 
(lOV^l) 
White  cell  count 
(lOV/d) 
MCV  (fl) 
MCHC  (g/dl)a 
MCH  (pg) 
22  17 
23  47 
22  9.0  1.5 
2.2  13.9-21.8 
5.5  38-59 
21  2.9  1.9 
22  53  5.0 
22  37  3.5 
21  20  2.9 
6.7-11.9 
0.8-8.1 
43-60 
27-42 
16-25 
a  Mean  corpuscular  hemoglobin  concentration.  a  Mean  corpuscular  hemoglobin  concentration. 
duced  similar  results.  The  dipstick  and 
minilab  T  results  for  blood  glucose  analysis 
were  also  very  similar. 
Statistical  comparison  of  results  showed 
no  significant  differences  between  grey  and 
blue  duikers  for  h?matologie  parameters. 
For  the  plasma  chemistry  analyses,  there 
were  significant  differences  for  five  com 
ponents.  Blue  duikers  appeared  to  have  a 
slightly higher  level  of  albumin  than did 
grey duikers  (P <  0.05).  Creatinine  (P < 
0.001)  and CK  (P <  0.05) were  higher  in 
grey  than  in blue  duikers,  as were  Mg  (P < 
0.05)  and  total  bilirubin  (P <  0.05). 
DISCUSSION 
This  study  provides  reference  values  for 
plasma  biochemical  and  h?matologie  com 
ponents  for  grey  and  blue  duikers.  Addi 
tionally,  significant  differences  were  found 
between  grey  and  blue  duikers  for  several 
blood  components,  namely  albumin,  crea 
tine,  CK,  Mg,  and  total  bilirubin.  Differ 
ences  in  albumin  values  may  result  from 
dietary  factors  such  as  starvation  or  mal 
nutrition,  altered  protein  digestion,  absorp 
tion  or  loss  due  to  gastrointestinal  disease, 
reduced  synthesis  due  to  liver  disease,  or 
loss  through  proteinuria  in  renal  disease. 
Creatinine  levels  may  be  altered  by  changes 
in  the  glomerular  filtration  rate,  and Mg  lev 
els  may  vary  due  to  dietary  factors.  High 
total  bilirubin  values  can  be  due  to  hemo 
lysis  or  liver  disease.  None  of  the  animals 
examined  showed  evidence  of  systemic  dis 
ease,  so  the  exact  causes  of differences  among 
individuals  and  between  species  remain 
speculative. 
Some  of  the  blood  components  showed  a 
wide  standard  deviation.  CK  had  a  broad 
range  in  grey  duikers  presumably  because 
of  the  increased  excitability  of  these  animals 
as  compared  with  blue  duikers.  The  chem 
ical  immobilization  of  grey  duikers  was  in 
general  less  effective  than  that  of  blue  dui 
kers,  and  therefore  the  degree  of  excitement 
seen  upon  induction  in  some  grey  duikers 
may  have  been  responsible  for  the  higher 
level  of  CK  observed  in  these  animals.  The 
grey  duiker  is  typically  an  inhabitant  of  open 
savannah  grasslands  and  is prone  to  a flight 
reaction  when  approached.  Even  after  being 
maintained  in  captivity  for  some  years, 
many  grey duikers  still  maintain  this flight 
reaction  and  may  run  into  the  enclosure 
fences  if approached  suddenly.  Hand  rear 
ing will  allow  individuals  to become  habit 
uated  to humans  (V. J.  Wilson,  pers.  comm.). 
In  this  study,  some  duikers  showed  a  marked 
flight  response  after  darting,  sometimes  re 
sulting  in mild  superficial  abrasions  from 
collision  with  enclosure  fences.  Duikers  in 
adjacent  enclosures  would  sometimes  be 
come  excited  by  the  flight  reaction  of  a dart 
ed  grey  duiker,  and  this may  be  the  reason 
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in  some  individuals.  CK  has  been  useful  as 
an  indicator  of  stress  response  during  cap 
ture  in  other  species;6  in  this  study,  grey 
duikers  had  greater  mean  and  maximum 
levels  of CK.  The  mean  corpuscular  volume 
(MCV)  and  mean  corpuscular  hemoglobin 
(MCH) in  blue duiker  were higher than those 
previously  reported,7  whereas  the  red  and 
white  cell  counts  were  lower.  In  the  blue 
duiker,  total  protein,  ALT,  GGT,  Na,  and 
K  were  lower,  and  glucose  was  higher  than 
previously  reported.7  Glucose  has  been  re 
ported  as  a  sensitive  indicator  of  stress  dur 
ing  capture,4  and  the higher  levels  of  glucose 
seen  in  this  study  may  reflect  the  low  degree 
of  handling  to which  the  blue  duikers  were 
accustomed.  The  immobilization  of  blue 
duikers  was  characterized  by  a very  smooth 
induction  period,  although  the  blood  glu 
cose  values  were  still  similar  to  those  in grey 
duikers,  which  had  a  less  smooth  induction. 
Different  methods  of  analysis  may  result 
in  different  values  for  blood  components 
according  to  the  type  of  test  used.  In  addi 
tion,  factors  such  as  age,  sex,  intercurrent 
disease,  diet,  and  husbandry  systems  may 
alter  the  composition  of  blood  and  should 
be  taken  into  consideration  when  using  data 
for  reference  purposes.89  The  absence  of 
nematode  eggs  in feces  probably  reflects  the 
success  of  daily  removal  of  feces  from  the 
enclosure  for  parasite  control. 
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